With billions of individuals and possibly hundreds of thousands of genera, invertebrates represent the largest number and greatest diversity of all animals used in research. Although the capacity for nociception is recognized in many invertebrate taxa, researchers and IACUC members are challenged by a lack of clear understanding of invertebrate welfare and by differing standards of moral concern for these taxa. In practice this has led IACUCs to consider invertebrates in two major groups: species worthy of increased moral concern approximating that shown to vertebrate species (this group includes cephalopods and to some extent decapod crustaceans) and all others. This dichotomy has led to differences in how invertebrate research is regulated and documented. This article presents two case studies illustrating specifi c concerns in invertebrate research protocols and then provides relevant information to address practical IACUC matters related to regulatory and ethical issues, sourcing and record keeping, risk management, assessment of pain and nociception in invertebrates, housing and husbandry, invasive procedures, veterinary care, and humane endpoints.
Introduction
A fundamental concern of institutional animal care and use committee (IACUC) members is the welfare of all animals used in research regardless of their phylogenetic position. The increase in knowledge of functional and comparative genomics has revealed extensive genetic homology between humans and other species and underscores the fact that although there are great differences, there are also fundamental similarities in all eukaryotes. Yet with invertebrates humans seem to be more aware of the differences than the similarities, notwithstanding the vast numbers of organisms and variety of species that populate every corner of the planet, accounting for over 90% of animal biodiversity.
A Passion for Invertebrates?
The Creator would appear as endowed with a passion for stars, on the one hand, and for beetles on the other.
-JBS Haldane (1949) The sheer number of invertebrate species is what impressed the biologist Haldane. Within one order (Coleoptera) of the phylum Arthropoda there are over 300,000 species, and the total numbers of arthropod taxa-in excess of 750,000 species-outnumber all other animals on the planet threefold. Invertebrate species range from comparatively simple single-cell life forms (e.g., protozoa) to colonial aggregations of cell types (e.g., sponges and coelenterates) to complex animals that share morphological and physiological convergence with vertebrates (e.g., cephalopods and crustaceans).
Some of the longest-lived colonial and noncolonial animals on the planet are invertebrates: the common red sea urchin (Strongylocentrotus franciscanus) may live 200 years (Ebert and Southton 2003) ; it has been estimated that vestimentiferan worms found near deep-sea hydrothermal vents live up to 250 years, and some corals and sponges may be thousands of years old (Bergquist et al. 2000) .
Invertebrates in Research
Invertebrates are used both in a wide range of fi eld research on biodiversity and conservation and in the laboratory as animal models for a variety of science questions. Uses range from acute toxicity assays in aquatic invertebrates such as Hydra and Daphnia to invasive neurophysiology in the sea hare Aplysia. Wilson-Sanders (2011) describes a large number of well-defi ned invertebrate models using fruit fl ies and the nematode C. elegans in diverse research areas such as drug screening, cell death, aging, retrovirus biology, memory, muscular dystrophy, Parkinson's disease, wound healing, aging, amyloidosis, programmed cell death, diabetes, and immunology.
The diversity of invertebrates requires particular IACUC care in dealing with research ethics issues. A central challenge is the lack of scientifi c consensus on what constitutes pain and suffering in these species and whether they are applicable to even "advanced" invertebrate species. Elwood (2011) discusses efforts and methods to distinguish between pain and nociception in invertebrates, and Crook and Walters (2011) elaborate on the nociceptive behavior and physiology of molluscs; but scientifi c evidence of pain and suffering in invertebrates remains poorly researched and controversial. This subject is discussed in greater detail in the section below on the Challenge of Assessing Pain and Nociception in Invertebrates.
IACUC Invertebrate Protocol Case Studies
The following case studies illustrate the challenges that IACUC members confront in their review of protocols for research involving invertebrates. These cases raised questions about proper scientifi c procedure, animal welfare, containment, handling and human safety, and attitudes toward invertebrates. Both cases underscore the importance of thoughtful and informed IACUC review.
Case Study 1
The Protocol An IACUC received a protocol from a newly recruited principal investigator (PI) working with orb-weaving spiders. The PI proposed to conduct single-cell electrode recordings from the giant ganglia in the spider's leg, which he proposed to pull off without the use of anesthesia. One or two legs would be suffi cient for each day's recording sessions, and each spider would yield a total of eight legs over the course of 1 to 2 weeks. The PI asserted that this was an accepted and widespread practice among neurophysiologists working with this model. He also indicated that stepping on the spiders was the preferred method of physical euthanasia.
IACUC Concerns and Resolution
The IACUC was suffi ciently concerned about issues of both human safety and animal welfare that they requested a meeting with the investigator, a neurophysiologist, to discuss the protocol.
As a justifi cation for the technique proposed the PI made the point that this species of spider has a natural detachment line at the base of each leg for separation of limbs by autotomy and does so to avoid predation in the wild. He also stated that a number of investigators worldwide use this technique and that it is accepted practice in his discipline. When asked how many legs could be harvested, he answered "all the legs." When asked if the spider would be able to selffeed with fewer than three or four legs, he was unsure. When asked if he did indeed step on the spiders to euthanize them he indicated that he had been facetious and that they were generally killed with ether in a bell jar.
The committee consulted with the institutional veterinarian who cited evidence in the veterinary literature that arachnids could be anesthetized with veterinary gas. The PI, while concerned that this could result in the accidental death of valuable animals before their full use for research purposes, agreed to work with the veterinarian to refi ne the model, use gas anesthesia for the removal of legs, and restrict the number of legs removed after recovery to four, after which the last leg removal would be a terminal procedure. The PI agreed to use gas anesthetic overdose for euthanasia (the use of ether was prohibited because of the risk of explosion).
The IACUC included a member from the department of occupational health and safety who asked the PI about safety measures for the handling and use of venomous spiders. The PI indicated that there was no specifi c antidote for the venom of the spiders and that their venom was not fatal in humans but analogous to a wasp sting. The room the animals were held in had not only an insect escape-proof anteroom and doorway for secondary containment but also a primary screen-sealed holding container for each spider. The room was locked and secure at all times and labeled that it contained venomous animals. The animals were physically handled by the PI wearing gloves and using a set of long forceps.
Finally, the PI was informed that the protocol form was a legal record and that facetiousness was inappropriate, and he agreed to modify the form before approval to refl ect best practices as discussed.
Case Study 2

The Protocol
The IACUC was approached by a PI who had been contracted by a company involved in the transportation of live lobsters. The purpose of the protocol was to determine the critical maximum and minimum temperatures that caused mortality in lobsters during transport. The proposal was to raise or lower the water temperature by 5°C per hour until the lobsters stopped moving, which was the proposed endpoint.
IACUC Concerns and Resolution
The committee was concerned about the project, which was industrially driven and lacked any form of academic review (although it was fully funded), and requested a peer review of the protocol. The IACUC members met with the PI and discussed the endpoints. It was agreed that a more precise endpoint would be the point at which the lobster stopped responding to a gentle pinch to the antennae and/or failed to right itself when inverted. The temperature change regime would be fi xed at 2°C per hour. The IACUC agreed to a pilot study of fi ve animals until the behavioral/welfare issues could be assessed through observation by a subcommittee of the IACUC, which would decide on a full project based on the pilot results.
Attitudes and Their Impact on Regulations and Review
As Mather (2011) eloquently explains, how animals are used in research depends not only on the regulatory and ethical environment but also on attitudes about which species are considered worthy of moral concern. It is clear from a survey of the literature that in practice invertebrates tend to be ranked at the lowest levels of moral concern for living animals; indeed, some institutions require no formal review of their use for research, although funding approval generally entails at least a scientifi c merit review and institutional approval (primarily vested in the IACUC) is usually linked to the release of research funds.
Among IACUCs, many members adopt a binary approach to invertebrate welfare, classifying the animals as "advanced" invertebrates (i.e., cephalopods and occasionally decapod crustaceans) and all other species. Boyle (1991, 7) explained the basis for the special status conferred on some cephalopod species, in particular octopuses:
In the laboratory, numerous experimental studies have described remarkable capabilities of sensory discrimination, especially of visual stimuli; they have demonstrated that true learning occurs and is likely to be an integral part of the normal life of an octopus. These qualities of behavioral complexity, sensory discrimination and learning in cephalopods bear comparison with those of many lower vertebrates and provide ample cause for considering their welfare in the laboratory for humane and scientifi c reasons.
However, in the absence of evidence to the contrary, such a distinction is not appropriate and all invertebrates should receive care and treatment that ensure their welfare.
International Regulations and Guidelines
At the regulatory level, fi sh and invertebrates are excluded from the US Animal Welfare Act, for example, although Public Health Service (PHS)-approved research protocols require ethical justifi cation for all animal use (PHS 2000) . Thus whether invertebrates meet the legal defi nition of an animal under this policy is unclear. In Canada, Canadian Council on Animal Care guidelines for the use of invertebrates are more specifi c in articulating ethical concern for, and IACUC oversight of, research using advanced invertebrates such as cephalopods (CCAC 1991):
Protocols must be submitted to an appropriate review committee for all studies and courses which involve the use of vertebrates and some invertebrates in Categories B through E. Cephalopods and some other higher invertebrates have nervous systems as well developed as in some vertebrates, and may therefore warrant inclusion in Category B, C, D, or E.
The CCAC guidelines, which have been translated and used as the basis for animal care practices in a number of countries, do not specify which "other higher invertebrates" are indicated based on nervous system complexity, but in practice some IACUCs extend this guideline to species of arthropods, notably decapod crustaceans. Otherwise, the CCAC categorizes experiments using "most invertebrates" at the lowest invasiveness level (Category A 1 ), similar to studies that involve the use of tissues collected after slaughter of domestic animals.
In the United Kingdom, the Cruelty to Animals Act 1876 specifi cally excludes invertebrates. On the other hand, the Council of Europe issued a "Charter on Invertebrates" that recognizes the "compelling positive values of invertebrates including their use in science and medicine" (New 1995, 16) .
As a further example of the relatively limited moral concern for invertebrate use at the undergraduate level, Youth Science Fair Canada (YSF 2010) regulations governing students' use of animals in science fairs permit the unrestricted use of bacteria, fungi, protozoa, insects, plants, and invertebrate animals, but are far more restrictive where vertebrate animals are concerned, prohibiting their use in any fashion that may be "deleterious to the animals."
IACUC Review
Many institutions have developed a policy of reviewing all protocols involving invertebrate use, whereas other IACUCs may refuse to review invertebrate protocols in jurisdictions where invertebrates do not meet the legal defi nition of "animal." When IACUC review of invertebrate research is not strictly required legally, some investigators object to it as an unnecessary regulatory burden. Review is nonetheless appropriate as part of the due diligence of research oversight and principles of parsimonious, ethical animal use. One institution, San Jose State University, has a voluntary invertebrate protocol review policy that embraces this concept:
For the use of invertebrate species, the IACUC requires review and approval of projects that entail permission from a government agency to access, collect, or deploy the species being studied…. The provision for IACUC approval of invertebrate studies also extends to work involving animal species considered venomous or a threat to public health, endangered, threatened or of special concern [Endangered Species Act, 1972] and for projects involving invertebrate species in which the pain and distress category is considered a category level V (as defi ned by the IACUC for vertebrate species…). All other invertebrate studies do not require IACUC review and approval. However, it is highly recommended…that investigators pursue committee approval for graduate or research projects to be kept on fi le with the University Animal Care offi ce. 2 The value of a conscientious IACUC in oversight of the use of invertebrates in research cannot be overstated, refl ecting the leadership and overall institutional conscience concerning the use of all animals.
Special Considerations for the IACUC
Permits, Collection, and Transfers
Many species of invertebrates used in research may be exotic to the region where they are being used, where they may represent a threat to biodiversity or a direct disease or pest threat not only to other laboratory animals but also to agriculture and aquaculture, so their housing and containment may be subject to local, regional, and federal regulation.
In the United States fi sh and wildlife regulatory authorities in each state typically enforce requirements for collection permits and annual reports of animals collected from the wild. In coastal regions of Canada, the use of laboratoryreared cuttlefi sh other than in complete containment systems is subject to licensing by the federal Department of Fisheries and Oceans (DFO) and permits are issued under the local DFO Introductions and Transfers Committee. This committee delegates the responsibility to local DFO aquaculture authorities and veterinarians to inspect and regulate the proposed holding facility for the nonendemic species; such inspection may entail visits, effl uent water containment, continuous effl uent water decontamination and testing, and testing of the introduced species for the presence of unwanted or reportable disease entities.
For at-risk, threatened, or endangered invertebrates or those listed by the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) there may be additional layers of federal or state/provincial permitting required.
Sourcing Invertebrates
The sources, transportation methods, procedures for quarantine, and disease monitoring methods for invertebrates are as diverse as the animals themselves. Some species are available from mainstream laboratory or biological supply sources, together with turnkey life support holding systems, special diets, and good information sources for standards maintenance.
For some species, laboratory-reared pathogen-free specimens are available from a well-defi ned source (e.g., the National Resource Center for Aplysia; http://aplysia.miami.edu/) analogous to the commercial suppliers of research rodents in terms of microbial and genetic integrity. Other species may be available only from the wild, pet stores, or specialized hobbyists, or they may be obtained in ways that are on the margins of the comfort zone for the average IACUC member. In these instances communication between the PI, the IACUC members, and the animal care and veterinary personnel is particularly important.
Record Keeping
Many institutions require little record keeping for the research use of invertebrates other than cephalopods. IACUC forms for invertebrate use are often abbreviated and contain minimal information, limited to the name of the PI, the species used, the end use of the animals in teaching or research, brief descriptions of the techniques used in the study, disposition of the animals at the end of the study, and safety issues if isotopes or hazardous chemicals are involved.
In Canada, Invertebrate Protocol Forms for the majority of invertebrate species (other than cephalopods) may simply report the species used, numbers of animals used, and the grant number of the PI. Furthermore, institutions are not obligated to keep records of the numbers of invertebrates used, although they are not discouraged from developing animal use practices and culture for the use of invertebrates, such as record keeping, standard operating procedures (SOPs) for the care and maintenance of the animals, and IACUC review of animal care protocols. For cephalopods, the categorization of protocols and their ethical review parallel those for the use of vertebrates, with requirements for anesthesia, reasonable aseptic conditions for surgery, postoperative monitoring, and endpoint defi nition.
Numbers of Invertebrates Used
Apart from cephalopods, the numbers of invertebrates used for research are seldom tracked, at least in part because many of the species studied (Drosophila, C. elegans, Artemia) may teem in uncountable millions in a single research laboratory, let alone in an institution, region, or country, and accurate accounting for such numbers is not feasible. When the research involves advanced invertebrates such as cephalopods or rare and endangered invertebrates of greater economic or ecological value, there may be more proactive efforts to track the numbers of animals used for purposes of accounting to regulatory agencies. 3 
Risk Management: Toxic and Injurious Species, Field Work
Risks are inherent in some types of fi eld and laboratory work, for example in scuba diving for specimen collection or census purposes and in the handling of venomous or injurious species. Such work requires primary and secondary containment, escape mitigation plans, emergency supplies and training, and special training for fi rst responders and other individuals not directly involved with the project who may need to access the holding area in an emergency. In all cases it is important to enumerate such risks and to mitigate them by taking precautions at the institutional and local levels to ensure that (1) SOPs, equipment, and animal holding/housing are in place and approved for the safe handling of the species in question, (2) antivenin and other emergency treatment supplies are on hand, (3) medical personnel are identifi ed and familiar with the risks and treatment, and (4) records are maintained through the institutional occupational health and safety program.
The Challenge of Assessing Pain and Nociception in Invertebrates
Because IACUCs represent the ethical conscience of their institutions and on a wider scale refl ect the morality of the culture and community where they exist, it is essential that their members understand and address issues of pain and suffering in invertebrates when making decisions about their research use (see Cooper 2011; Elwood 2011) . Such understanding begins with a grasp of the distinction between pain and nociception in animals.
The International Association for the Study of Pain defi nes pain as "an unpleasant sensory and emotional experience associated with actual or potential tissue damage or described in terms of such damage" (Merskey and Bogduk 1994) . The cognitive-emotional component of pain, which requires higher brain center function through the limbic system in vertebrates, is considered its important aspect, not the activation of pain sensors (nociceptors). "Activity induced in the nociceptive pathways by a noxious stimulus is not pain, which is always a psychological state, even though…pain most often has a proximate physical cause" (Merskey and Bogduk 1994) . Under this defi nition, species capable of feeling pain are those that have not only the nociceptors but also the brain neuroanatomical and neurophysiological features and behaviors that allow the expression of fear, anxiety, distress, and terror, akin to human and other advanced vertebrate responses to noxious stimuli.
Many species of invertebrates, including annelids, nematodes, molluscs, and insects, have the capacity for nociception and withdraw from damaging stimuli (St. John Smith and Lewin 2009) , and in some species there are putative connections between nociceptors and brain learning centers (Puri and Faulkes 2010; Sandeman et al. 1992) . In molluscs the central nervous system is not required for pain withdrawal refl exes, which can be mediated by the peripheral nervous system (Crook and Walters 2011) . In leeches, specialized sensory nociception cells induce bending away from damaging stimuli, and the bending refl ex can function with as few as 10 abdominal ganglial cells (Sahley et al. 1994) . In arthropods, recent work suggests that nociceptive fi bers, like all other sensory neurons, can be inhibited by a variety of neuromodulators (Pfeiffer and French 2009) . And studies in Aplysia provide evidence that nociception and sensitization can lead to long-term infl uences on memory and behavior in invertebrates (Woolf and Walters 1991) .
However, the presence or modulation of nociception does not conclusively demonstrate that invertebrates are capable of experiencing the mental/emotional state of pain that is acknowledged in many vertebrate species. Imaging studies in mammals expressing painlike behaviors in response to noxious stimuli have demonstrated activation of brain areas (e.g., the limbic system) associated with emotion (Malisza et al. 2003) . This type of cause and effect evidence is lacking in invertebrates, and the poorly understood nature of invertebrate nervous systems makes proof by analogy diffi cult.
Some insect neurobiologists have argued that the distributed nature of the invertebrate nervous system (except in cephalopods) precludes higher-order information processing, including the existence of any kind of mental state (Eisemann et al. 1984) . Invertebrates other than cephalopods also have much lower (by two to three orders of magnitude) numbers of neurons compared to vertebrates, a difference that could preclude the ability to experience mental states such as emotion and pain, and there is not much evidence in the scientifi c literature of an emotional state akin to "distress" in invertebrates such as insects.
Importantly, none of the evidence cited is conclusive in either confi rming or refuting the possibility of pain and distress homologues in invertebrate species. Clearly this is fertile ground for study. In the absence of conclusive results, however, there is no evidence that the scientifi c community should ignore the welfare of invertebrates used as research animals.
Standards of Care
Given the exceptional diversity of invertebrates, housing and husbandry needs can range from accommodation for the very large (e.g., for Enteroctopus dofl eini at 40 kg) to the very small and even microscopic (e.g., for Drosophila or C. elegans). The IACUC, which in most institutions likely deals only occasionally with invertebrate protocols, needs to concern itself with the details of species-specifi c requirements and of the life support systems, containment measures for hazardous species, and experience and training of the personnel who will maintain the animals.
The myriad details of invertebrates' basic care requirements, food, a healthy and enriched environment, and safe handling for both operators and animals is beyond the scope of this paper. Smith and colleagues (2011, in this issue) provide an overview of the maintenance of invertebrates; there is an abundance of literature on the care, maintenance, and housing of various invertebrate species, from the laboratory animal, zoo/aquarium, wildlife rehabilitation, and pet and hobbyist literature; and the Association of Zoos and Aquariums (www.aza.org) has guidelines for the maintenance of many species of invertebrates in captivity.
In addition, both the IACUC members and the scientists using invertebrates usually benefi t from mutual education, the former through laboratory visits and other methods to become familiar with the particular invertebrate models in use, and the PI through protocol writing workshops and other opportunities to interact with the IACUC and educate its members.
Housing and Husbandry
Housing and Containment
Housing design is important for both the provision of life support and, particularly in the case of insect pest and toxic/ injurious species, containment to prevent escape (together with clear procedures for recapture in the event of an escape). In general species should be housed separately to prevent aggression or predation but there are polyculture and experimental exceptions to this rule.
Rooms may require higher than normal temperature and humidity, and lighting systems should be controllable for photoperiod. Many invertebrate species benefi t from some form of environmental complexity such as branches or hollow pipes for hiding spaces. All surfaces (including those of items provided for environmental enrichment) should be sanitizable.
It may be necessary to ensure the availability of features to contain escaped individuals, such as an "air knife" at the door level to keep fl ying insects inside, or a bath or moat system to keep crawling insects inside containers. In some cases electrifi ed "bug zappers" or nonlethal electric barriers are used to enhance containment and prevent escaped specimens from spreading through a facility. There should also be screens or other means to isolate the area and the HVAC systems from surrounding areas to prevent the appearance of unwanted guests in other areas of the building.
It is highly advisable to hold escape-prone and destructive pest species (e.g., dermestid beetles, which damage biological and book collections) and species that generate strong odors (e.g., Phanecia carrion fl ies) in isolated buildings away from other activities, valuable collections, and personnel.
Water
Water sources for invertebrates, whether for drinking or life support, require careful attention as the addition of certain chemicals in city water supplies may be acutely or chronically toxic to some species. Marine species require highquality seawater that has undergone the removal of particulates, metabolites, and pathogens (e.g., through UV or biofi ltration) and other treatments such as ozonifi cation. For all marine invertebrate species there should be an emergency backup for life support systems.
The importance of measures to maintain water quality cannot be overstated; in one case in the author's experience zoonotic Vibrio vulnifi cus was isolated in pure culture from the anterior chamber of cuttlefi sh (Sepia offi cinalis) exhibiting bilateral hypopyon as a primary symptom. The source of the Vibrio was intake seawater from a sewage-polluted source in a marine fl ow-through system.
The CCAC has extensive guidelines for maintaining marine species on its website (www.ccac.ca).
Food
Provision of foodstuffs for invertebrates could be the subject of an entire paper. General principles are similar to those for other species: food must be nutritionally balanced and fresh, and food that is contaminated (e.g., with mold) or that may have been sprayed with insecticides or other toxic materials should be strictly avoided. Food should not be permitted to undergo decomposition, although even here there are exceptions (for instance, autoclaved cow's liver provided to blowfl ies for the production of fl y larvae may be in the process of autolysis).
Contamination of invertebrate food may have unforeseen consequences. In one case contamination of fruit fl ies used as a protein source for captive rufous hummingbirds (Selasphorus rufus) proved to be the means of transmission of epiornitic Aspergillus infection in the birds (Harvey-Clark 1993).
Invasive Procedures, Veterinary Care, and Treatment Surgery, anesthesia, and veterinary care for invertebrates are a relatively new subspecialty of zoo and exotic animal veterinary medicine, and may therefore need some translation both by PIs and by veterinarians serving on IACUCs to be fully understood and effectively evaluated. Collegial communication and consultation with persons versed in methods used in invertebrate research, and especially in invasive procedures, are important. Experience with the species in question often enables recognition of subtle signs of health status changes and earlier interventions, supporting better outcomes for both the research and the animal care and welfare.
Resources are available to IACUC members for information on the health management and veterinary care of invertebrates (Cooper 1980 (Cooper , 2004 (Cooper , 2011 Lewbart 2006; Smith et al. 2011 ). However, due to the lack of comprehensive information on many of these species, clinical assessment and treatment options may be limited and this may mean that euthanasia is exercised earlier and/or more frequently than in comparable studies with research animal species that are well characterized.
Humane Endpoints and Euthanasia
The American Veterinary Medical Association Guidelines for Euthanasia (AVMA 2007) fail to include techniques and ethics for invertebrate species. For invertebrates that show clear signs of morbidity, standardized guidelines and methods are needed to ensure timely intervention by skilled personnel. In many cases, euthanasia may be the fi rst and most compassionate option.
In practice, as for mammals, when feasible the use of physical euthanasia methods should be preceded by a chemical method that obtunds the animal, unless the PI can provide compelling scientifi c arguments to the contrary. Various chemical and physical means are available to achieve rapid, humane euthanasia for invertebrate species and are reviewed elsewhere (Cooper 2004 (Cooper , 2011 Lewbart 2006) .
After euthanasia the IACUC needs to ensure that animal remains are disposed of in an appropriate fashion (e.g., biowaste incineration), as components of some species may remain venomous after death, some invertebrates are vectors for infectious or zoonotic diseases, and others may harbor viable eggs or propagules that can cause invasive species infestations, damage to agriculture, or other unintended effects.
Conclusion
The wise man regulates his conduct by the theories both of religion and science. But he regards these theories not as statements of ultimate fact but as art-forms.
-JBS Haldane (1927) The art of working with the immense diversity of invertebrate species-for which investigators and IACUC members alike do not always fully apprehend all aspects of care and biology-lies in the principles of humane parsimony.
In the absence of a defi nitive understanding of welfare implications in these species, scientists and IACUC members should strive to respect life, follow 3Rs principles (reduce, refi ne, replace), and minimize the trauma and severity of procedures when possible. Investigators can bring much to the table by educating the members of the IACUC in the biological and scientifi c aspects of invertebrate models, and the IACUC needs to work collegially with the PI to ensure the fulfi llment of its role in ethical oversight and the thoughtful and responsible use of research animals.
Work with species that are not fully characterized as animal models will continue to be iterative and requires a fl exible institutional culture that incorporates good scholarship, best practices, and use of the most current information. In all cases, invertebrates should not be regarded as "second-class citizens" by either the IACUC or investigator but should, as with all research animals, be subject to rigorous professional standards of animal care oversight.
